Gibson on the process adopted for mustard gas led to a sustained interest in sulphur chemistry which formed one of Bennett's main themes of research in subsequent years. It was during this period also that Bennett developed his interest in crystallography; in his spare time he made a crystallographic examination of the alleged isomers of ferrocyanides, and he frequently reverted to crystallographic studies in later years; probably his happiest hours were spent with a goniometer or with a polarizing microscope. In 1918 he gave up the work he was doing on conscientious grounds and took a post as research chemist in charge of the laboratories of Messrs Strange and Graham Ltd, a Quaker firm manufacturing fine chemicals, particularly by fermenta tion processes; here he was responsible for the establishment of the commercial production of citric acid from cane sugar. But Bennett was not entirely happy with a position in industry, and in 1921 he accepted the senior demonstrator ship in the department of chemistry at Guy's Hospital Medical School, in 1924 he was appointed Lecturer in Organic Chemistry at the University of Sheffield, in succession to J. Kenner, who had been elected to the Chair of Chemistry at Sydney. This appointment was the equivalent of a modern senior lectureship, and W. P. Wynne, the First Professor of Chemistry at Sheffield, who was largely absorbed in his duties as Dean of the Faculty of Science and in other administrative work in the University until his retire ment in 1931, left Bennett with wide opportunities for research. He had the choice of the postgraduate students who wished to undertake research work in organic chemistry, and under these circumstances Bennett, encouraged by Wynne in every way, built up a small but enthusiastic research school which made outstanding contributions to the chemistry and the stereochemistry of the disulphoxides and related substances. When Wynne retired in 1931, Bennett was appointed to the Firth Chair in Chemistry, but with no deanly duties, and devoted his time to researches on sulphur compounds, the influence of substituents and geometry on the reactivity of organic molecules, liquid crystals and molecular complexes. His students at Sheffield remember well his great enthusiasm for research, and most of them derived great inspiration from him. He was excitable, full of nervous energy, and was frequently seen running to the library to look up some reference or other. He had no time for 'slackers' and would not tolerate muddled thinking. For him there were no such things as organic, inorganic and physical chemistry-they were all chemistry. He was not only interested in his own research problems, but also in those that others were pursuing in the department; in physical and inorganic equally with organic chemistry. Sheffield, in the days of Bennett, was a financially poor university, and his success in keeping active research alive in a department with a small staff, a very small group of research students and a departmental grant of £500 to £600 per annum was an amazing achievement.
In 1938 Bennett was appointed to the Chair of Organic Chemistry at King's College London, in succession to S. Smiles. A. J. Allmand was Daniell Professor of Chemistry and head of the department, but at the outbreak of war Bennett took charge of the department when it moved to Bristol in 1939, Allmand remaining in London on war work. In Bristol Bennett had most happy relations with W. E. Garner and E. L. Hirst under extremely difficult and overcrowded conditions; many King's College and Bristol classes were pooled for economy in man-power and Bennett and his staff took a very full share of the teaching load. It was here that Bennett developed an interest in nitration which led to the important work carried out with J. C. D. Brand, Gwyn Williams and others on the mechanism of nitration and the nature of the nitrating agent in mixed acids. In 1943 Bennett returned to King's College with the department in spite of the fact that the building had been badly damaged by blast and small fires.
In 1945 Bennett relinquished his Chair at King's College and became Government Chemist in succession to Sir John Fox. This decision came as a big surprise to all his academic friends, particularly as he had previously shown little interest in anything but academic work and had frequently criticized and refused industrial collaboration and co-operation. The appoint ment coincided with the reorganization of the Scientific Civil Service following the report of the Barlow Committee, and Bennett accepted the post in response to a request from a senior official in the Treasury. It is probable that he did so from a sense of duty rather than from personal choice. As Government Chemist he served on the Interdepartmental Scientific Panel set up by the Treasury on matters concerning the Scientific Civil Service, and he became a member of the Royal Commission on Awards to Inventors set up in 1946. On completion of the Commission's work in 1955 he became a member of the Central Committee on Awards. At the Government Labora tory Bennett encouraged research work in a department which was not primarily a research organization, and he was particularly interested in the development of the new instrumental techniques such as X-ray diffraction, X-ray fluorescent spectroscopy, infra-red and ultra-violet absorption spectroscopy and gas chromatography.
Following a severe heart attack in 1953 Bennett withdrew from most of his outside activities and devoted himself almost exclusively to his official duties. The loss of his wife in December 1957 was a very severe blow to him and he failed to survive a further heart attack on 9 February 1959.
S cien tific w o r k
Bennett had wide scientific interests extending from physicochemical topics such as the goniometric aspects of crystallography, the solubility of ethers in water, liquid crystal studies and the nature of molecular complexes, to his major contributions in ( a) classical stereochemi reactivities of organic molecules, and 
(1: 72=methyl, phenyl, o-tolyl, o-andjfr-nitrophenyl, m-carbomethoxyphenyl, benzyl and CH2.C 0 2H) were all isolated in a-and /3-modifications, of which the latter were the more soluble in water. Similarly in the aromatic series the compound (II) (R = H ), the corresponding /^-isomer (30)* (II; 7 ?= C 0 2H) were obtained in a-and /S-forms (39). In the case of the acid * Numbers in parentheses refer to the numbered bibliography at the end of the memoir.
(II; Z ?=C 02H), the more soluble /3-modification was partially resolved with brucine, thus proving the racemic nature of the /3-oxide; the a-form was unresolvable and consequently the meso-modification. Ges. 65, 457) independently (1) established the folded structure of thianthren (III), (2) prepared a-and /8-modifications of the dioxide and (3) showed the /3-form had the trans structure from dipole moment measurements. As thianthren carboxylic acid could not be resolved, it was concluded that the folded structure was flexible and not rigid.
Numerous cyclic disulphoxides and related compounds such as (IV), (V) and (VI) have been isolated in a-and ^-modifications (22, 25), and in Bennett's last publication (86) it was shown that oxidation of 1:4-diphenylpiperazine with hydrogen peroxide yielded the isomeric dioxides analogous to the a-and /8-forms (IV) from dithian. Particularly interesting results were obtained with trimethylene trisulphide (31), which in accordance with theory gave two di-and two tri-sulphoxides. It was found that the a-disulphoxide gave the a-trioxide only on further oxidation but the /8-disulphoxide yielded a mixture of a-and /8-trioxides. It follows that the a-and /3-dioxides are the trans-(VII) and (V III) forms respectively, and that the a-and /8-trioxides have the trans-cis (IX) and cis-cis (X) structures respectively
During this work it was shown that trithioacetaldehyde (XI) occurred in two forms in agreement with theory, and a third form reported in the litera ture was shown to be a eutectic mixture of these two forms (34).
(XI)
Biographical Memoirs
One of the most interesting and novel facets of this work is concerned with pentamethylene sulphide (thiopyran) and its derivatives. Previous approaches to these compounds were wasteful and tedious, but thiopyran-4-one (XII) was readily prepared from ethyl j3-thiodipropionate and sodium ethoxide (17). The ketone (XII) was converted (37) by Fischer's method into the tricyclic indole derivative (X III), and by using the cyanohydrin or Grignard reagent into the compounds (XIV) where i? = C 0 2H, C6H5 and C6H 5.CH2, all of which gave isomeric forms of a-and /3-sulphoxides (38). In another investi gation thiochromanone was converted by reduction of the oxime into
NH/t (XIV) (XV)
4-aminothiochroman (XV; R = H ) which was resolve forms, and the d-and /-benzoyl derivatives (X V ; i?= C O .C 6H 5) each yielded a pair of stereoisomeric sulphoxides which were separated into optically pure forms (45).
(b) Reactivity of organic molecules
During investigations arising from the production of mustard gas, Bennett prepared pure specimens of related and relatively simple sulphur compounds (78, 10, 15) and was much impressed by the high reactivity of the hydroxyl groups in monothioethylene glycol, jS/3'-dihydroxydiethylsulphide and disulphide, which resembled in many ways that of tertiary alcohols. The j8-chloroderivatives also underwent rapid hydrolysis, but the corresponding y-hydroxy and y-chloro derivatives were much more stable, and an extension of the enquiry to the 8-series led to an abnormal result (18, 19). When SS'-dibenzyloxydibutylsulphide was warmed with hydrobromic acid, instead yielding 8-dihydroxy or S-dibromo-dibutyl sulphide, it gave the cyclic salt (XVI) which yielded tetrahydrothiophene on heating. Although intra molecular salt formation of this type was normally only observed when tetra-and pentamethylene sulphides were produced, intermolecular sulphonium salt formation is frequently observed and several peculiar reactions were explained on this basis (19). For example, the presence of dithian (XVII) in jSjS'-dichlorodiethyl sulphide is readily explained by
assuming salt formation and subsequent loss of two molecules of ethylene dichloride. The developments of these researches followed two main lines, (a) the formation of many membered polymethylene sulphide rings and ( ) a study of the factors influencing the reactivity of the chloro-and hydroxyl
groups in the substituted sulphides. These developments necessitated the improvement or the discovery of methods for the preparation of the poly methylene glycols and chlorohydrins as far as the octadecamethylene homologues (33, 46, 68). It was shown that the cyclization reaction CH3.S(CH2)nCl -> CH3.S + < (C H 2)" Clõ ccurred smoothly when V = 4 , 5 and 6, although the rate diminished as V increased (36, 66). However, by using the dilution principle employed in other fields by K. Ziegler (1934, Liebigs Ann. 513, 43), Bennett & H. Gudgeon (71) converted the chlorosulphides where 14, 16 and 18 into the crystalline tetra-, hexa-and octadecamethylene sulphides respectively, of which the first two had pleasant musk-like odours resembling those of the many membered cyclic ketones, lactones and anhydrides. Incidentally, after the completion of Bennett's work in this field, A. Muller & A. F. Schiitz (1938, Ber. dtsch chem. Ges. 71, 692) prepared the cyclic monosulphides where n= 12, 13 and 14, by the action of sodium sulphide on the corresponding polymethylene dibromide. Bennett was unable to prepare cyclic mono sulphides in cases where n -1, 8, 9, 10 and 12 as high molecular weight polysulphides were produced. These results are in full agreement with observations in the homocyclic and cyclic oxide fields where rings of eight to thirteen members are less easily obtained than larger ones, presumably because of some difficulty in packing the atoms of the chain into a form suitable for cyclization ( During the early sulphur work it was shown that the reactivity of the chloro-and hydroxy-sulphides varied in an unexpected way with the number of methylene groups separating the sulphur and the chlorine or oxygen atoms (19, 21, 36) the reverse of their normal influence; thus in studies of reaction (a) it was found that an ortho chlorine substituent diminished reactivity but para substitution by chlorine resulted in increased activity. Bennett (50) attempted to connect these observations with a 'reversed field effect' acting directly through space but of opposite sign from that of the usual inductive effect, but the suggestion was criticized and never readily accepted. An even more puzzling observation was made during a comparison of the effects of the halogens. In reaction ( a) all halogens facilitate reaction and in the C l> B r> I as could be expected from the inductive effects of the halogens as deduced from the strength of acids. In reaction (b) all halogen atoms inhibit hydrolysis but the observed order of reactivity is H > C l> B r > I and Bennett concluded that the electromeric and mesomeric effects of the halogens must fall in the order F > C l> B r > I . In order to gain further knowledge of the behaviour of the halogens Bennett, together with Brynmor Jones, G.Baddeley, S. Glasstone and others (58, 59, 60, 61) made accurate measurements of the reactivities of a large number of substituted benzyl and j3-phenylethyl chlorides and of the dissociation constants of a series of halogenated anilines and phenols. The systems are probably much too complicated for simple interpretation, many factors are involved and it is concluded that a satis factory explanation of the facts necessitates consideration of ( ) polarizability effects varying in the order I > B r > C l> F , ( ) inductive and direct effects varying in the order F > C l> B r > I , (c) mesomeric and electromeric effects also varying in the order F > C l> B r> I .
It may be recalled that Bennett's suggestion that the electromeric and mesomeric effects of the halogens were in the order F > C l> B r > I was the reverse of that favoured, largely on theoretical grounds, at the time, and the new proposals did not escape criticism. However, the change of viewpoint has since been justified both on a theoretical basis and also by the work of others on dipole moments, nuclear substitution, side chain reactivity, acid strengths, etc., and the order proposed by Bennett is now widely accepted.
(c) Aromatic nitration While at Sheffield Bennett had shown interest in the nitration of aromatic sulphonic acids and sulphonic chlorides, in nitration reactions leading to phenolic by-products and in preliminary attempts to examine the nature of nitric acid in oleum solution. It was therefore not surprising that the wartime nitration atmosphere of the Bristol laboratories in which Bennett unexpec tedly found himself in 1939, provided favourable opportunities for the development of these interests. Although it was often suggested that the nitronium ion, NO+, was the actual nitrating agent under the usual con ditions of aromatic nitration, it was not until 1946 when Bennett and his colleagues and other independent workers in this country, in Europe and in the United States produced convincing proof. Early spectroscopic work of A. Hantzsch (1925, Ber. dtsch chem. Ges. 58, 941) showed that in sulphuric acid solution, nitric acid existed in a form differing from undissociated nitric Soc., p. 105) showed were necessary in the two-phase nitration of nitro benzene (78). This work identifies the nitronium ion, NO+, as the active nitrating agent of mixed acids.
During other experiments designed to throw light on the manufacture of trinitrotoluene, it was shown that the rate of nitration of 2 :4-dinitrotoluene in a two-phase system was proportional to the molar excess of sulphuric acid over water present, but a complete analysis of the results was not possible owing to the lack of data concerning the concentrations in the two phases (81). He was shy, reserved and difficult to get to know well, but he was generous, courteous, scrupulous and conscientious, with a high sense of responsibility. He was tremendously interested in anyone who was doing good scientific and literary work and he was full of admiration and enthusiasm for the scholar. On the other hand, he could be very critical of anyone who, he felt, was not using to the full his opportunities of research, and of those who seemed to be proceeding in a dull and uninspired way. He was a great reader, and although his choice was at first very wide, it became more concentrated on detective and crime stories as time went on. Reading and walking, with frequent visits to the cinema, were his chief relaxations. His views on most things were based on sound common sense and he detested any forms of show or selfadvertisement. He had no children of his own, and after some family and other bequests he left the residue, forming the bulk of his estate, to Dr Barnardo's Homes.
The grateful thanks of the writer are due to a number of G. M. Bennett's colleagues and students for much help in the preparation of this notice.
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